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1 Introduction
RAN1 and RAN2 have accomplished study on Network Energy Saving (NES) techniques, with integrated TP available in [1]. In this contribution, we will discuss the study outcome and suggest potential R18 NES WI scope. In particular, NES techniques that can also be supported by R15 UEs (with proper (re)configuration) should be prioritized for R18 for the best feasibility of wide field deployment.


2 Discussion 
Network energy saving has been investigated in RAN3 in R17, with emphasis on saving energy of base-station (BS) without active UEs. In R18, the RAN1-led NES SI has extended scope to investigate network energy saving in cells with active UEs, considering low (up to 15% RU), light (15% - 30% RU) and medium (30% - 50% RU) cell load conditions. NES techniques are also developed in time, frequency, spatial and power domains for exploiting all possibilities for NES gains.
Observation 1:  R18 NES study targets to realize NES gains in cells with active UEs over low (up to 15% RU), light (15% - 30% RU) and medium (30% - 50% RU) cell load conditions.
Proposal 1: To cover all cell load conditions, R18 NES work item scope is based on the following principles:

· For low cell load (up to 15% RU), consider enhancements that can maximize BS sleep time 

· For light to medium cell load condition (15% - 50% RU), consider enhancements that can minimize BS data transmission energy consumption 

· Consider enhancements for (legacy) UE management 

For maximizing BS sleep time, the following two beneficial techniques in time and frequency domain as identified in [1] can be considered:
· Adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings.

· Technique A-4 of adaptation of DTX/DRX, including the alignment of Cell DTX/DRX with UE DRX, is beneficial for network energy savings.
In particular, the first bullet aims to reduce/eliminate SSB and SIB1 whenever feasible. One possibility is elimination of SSB and SIB1 for SCell in inter-band CA case. For SSB-less SCell in intra-band CA case, R15 UE can support it since PCell SSB can be utilized for synchronization (including AGC) and measurement for the SCell. For inter-band CA case, PCell can be in a far-apart frequency band from SCell, and there may be no proper SSB for AGC and measurement for the SCell. In Subsection 6.2.1.2 of [1], there also captures no performance impact is provided by RAN1: 

“For results where SSB is not transmitted in SCell, performance impact(s) due to lack of AGC and cell measurement results before SCell access and activation is not provided.”
In this regard, specification of SSB-less operation for inter-band CA case should be subject to RAN4 feasibility study first.
Proposal 2: For maximizing BS sleep time, SSB-less SCell for inter-band CA case can be studied in RAN4 (for the feasibility) and, if agreed, further specified.

For the cell operation with reduced SSB or without SSB, on-demand SSB and UE trigger mechanism are proposed. While this direction is regarded beneficial by RAN1, there are diverse views on how to realize it. 
A further study to provide the feasible candidate solution(s) would be a reasonable way forward.

Proposal 3: For maximizing BS sleep time, on-demand SSB and UE trigger mechanism for cells with reduced SSB or without SSB can be further studied by RAN1.

In addition to reducing SSB and SIB1, aggregating BS and UE time durations for DL/UL data is useful for maximizing BS sleep time. A most feasible way is to utilize R15 C-DRX operation and align UEs’ DRX offsets, which enables NES gain even with R15 UEs with proper (re)configuration. For minimum signalling overhead, extension of cell/group-wise adaptation can be specified as R18 enhancement.
Proposal 4: For maximizing BS sleep time, alignment of Cell DTX/DRX with UE DRX can be specified by RAN2. 

· Targeting NES gain with legacy UEs, enhancement based on R15 UE C-DRX behaviour can be considered. R18 enhancement can focus on extension of cell/group-wise adaptation for minimum signalling overhead.

For the case with light to medium cell load (15% to 50% RU), maximizing BS sleep time can somehow impact network performance (e.g. data latency). Instead, minimizing the energy consumption of data transmission in BS can achieve better trade-off in network performance and energy saving. In this regard, reduction of spatial elements and PDSCH transmission power can be utilized, as captured in [1]:
· Based on the study, at least a technique based on C-1 (adaptation of spatial elements) is beneficial for network energy savings, and can be recommended.

· Based on the study, at least a technique based on D-1 (Tx power reduction on PDSCH) is beneficial for network energy savings

For achieving NES gain even with R15 UEs, it is beneficial to utilize R15 UE behaviour of BWP adaptation since reduction of spatial elements and PDSCH transmission power corresponds to change of the configuration of CSI-RS and CSI reporting and the configuration of PDSCH power offset, respectively. R18 enhancement can focus on extension of cell/group-wise adaptation for minimum signalling overhead.
Proposal 5: For minimizing BS data transmission energy consumption, adaptation of spatial elements and PDSCH transmission power can be specified by RAN1.
· Targeting NES gain with legacy UEs, enhancement based on R15 UE behaviour of BWP adaptation can be considered since the associated parameters are all BWP-specific. R18 enhancement can focus on extension of cell/group-wise adaptation for minimum signalling overhead.
Finally, enhancements of UE handling are beneficial to be specified. For example, for minimizing the overhead of (re)configuring legacy UEs, cell barring and adjusting cell re-selection priority can be used to limit the number of legacy UEs in cells applying NES techniques.

Proposal 6: For network flexibility of UE handling for NES, enhancements for cell barring and adjustment of cell reselection priority can be specified by RAN2. 

By the above, the following potential WID for R18 NES is suggested:
Proposal 7: Consider the following scope for R18 NES WI:
	For realizing network energy saving, subject to minimum system and UE impacts, [RAN1, RAN2, RAN4]
· Specify enhancements for adaptation of spatial elements and PDSCH transmission power, based on R15 UE behavior of BWP adaptation [RAN1].

· Study on-demand SSB and UE trigger mechanism for cell with reduced SSB or without SSB [RAN1] 

· Study the feasibility and, if agreed, specify SSB-less SCell for inter-band CA [RAN4]

· Specify alignment of cell DTX/DRX with UE DRX, based on R15 UE behavior of C-DRX operation [RAN2]

· Specify enhancements for cell barring and adjustment of cell reselection priority for cells applying NES techniques [RAN2]


3 Conclusion
In this contribution, the study outcome and the potential scope for Rel-18 NES are discussed. In particular, the following observations and proposals are provided:
Observation 1:  R18 NES study targets to realize NES gains in cells with active UEs over low (up to 15% RU), light (15% - 30% RU) and medium (30% - 50% RU) cell load conditions.
Proposal 1: To cover all cell load conditions, R18 NES work item scope is based on the following principles:
· For low cell load (up to 15% RU), consider enhancements that can maximize BS sleep time 

· For light to medium cell load condition (15% - 50% RU), consider enhancements that can minimize BS data transmission energy consumption 

· Consider enhancements for (legacy) UE management 

Proposal 2: For maximizing BS sleep time, SSB-less SCell for inter-band CA case can be studied in RAN4 (for the feasibility) and, if agreed, further specified.
Proposal 3: For maximizing BS sleep time, on-demand SSB and UE trigger mechanism for cells with reduced SSB or without SSB can be further studied by RAN1.
Proposal 4: For maximizing BS sleep time, alignment of Cell DTX/DRX with UE DRX can be specified by RAN2.
· Targeting NES gain with legacy UEs, enhancement based on R15 UE C-DRX behaviour can be considered. R18 enhancement can focus on extension of cell/group-wise adaptation for minimum signalling overhead.

Proposal 5: For minimizing BS data transmission energy consumption, adaptation of spatial elements and PDSCH transmission power can be specified by RAN1.
· Targeting NES gain with legacy UEs, enhancement based on R15 UE behaviour of BWP adaptation can be considered since the associated parameters are all BWP-specific. R18 enhancement can focus on extension of cell/group-wise adaptation for minimum signalling overhead.
Proposal 6: For network flexibility of UE handling for NES, enhancements for cell barring and adjustment of cell reselection priority can be specified by RAN2.
Proposal 7: Consider the following scope for R18 NES WI:
	For realizing network energy saving, subject to minimum system and UE impacts, [RAN1, RAN2, RAN4]
· Specify enhancements for adaptation of spatial elements and PDSCH transmission power, based on R15 UE behavior of BWP adaptation [RAN1].

· Study on-demand SSB and UE trigger mechanism for cell with reduced SSB or without SSB [RAN1] 

· Study the feasibility and, if agreed, specify SSB-less SCell for inter-band CA [RAN4]

· Specify alignment of cell DTX/DRX with UE DRX, based on R15 UE behavior of C-DRX operation [RAN2]

· Specify enhancements for cell barring and adjustment of cell reselection priority for cells applying NES techniques [RAN2]
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